S WI 7 ORE, U. K .
Research into the control of thyroid function as well as routine clinical analyses of thyroid abnormality have relied on either primary tissue cultures or animal cell lines. We have sought to overcome this by generating immortal cell lines from normal human thyroid tissue which have retained the functions of the primary cells. Utilizing transfection with plasmids containing 'immortalizing' oncogenes, we have produced about 100 long-term lines (series designated SGHTL for St George's Human Thyroid Lines). Approximately half of these have retained some thyroid function and one in particular, SGHTL-34, is described in detail in Whitley et al. (1988) .
Thyrocytes were prepared by collagenase or dispase digestion from surgically obtained thyroid tissue, including normal material from the margins of benign adenomas, as detailed in Whitley et al. (1 987) . The plasmids used included pSV3ne0, containing the early region of SV40 and the neo gene for resistance to the drug G418 (Southern & Berg, 1982) ; pPYLT1, containing the early region of polyoma; pRSVcat, containing the bacterial marker enzyme gene chloramphenicol acetyl transferase (CAT) (Gorman et al., 1082) . Transfection was performed by electroporation of detached cells using a Kruss TA750 (Hamburg, F.R.G.) as detailed in Whitley et al. (1987) . Using pRSVcat, electroporation was found to be about 4-fold more efficient than the calcium phosphate co-precipitation method. Cells incorporating pSV3neo were selected by incubation in medium containing 0.3 mg/ml G4 18 (Gibco). Resistant colonies were removed using trypsin-EDTA, seeded into multiwell plates and subcultured when confluent.
lmmunofluorescence microscopy with a monoclonal antibody against cytokeratins (NEN) was used to exclude cell lines of fibroblastic origin (less than 20%). In a screen of 2 1 long-term lines (3-9 months old), 12 had retained the thyrotrophin-stimulatable adenylate cyclase activity of the original primary cells (Fig. 1) .
Southern blotting of high molecular mass DNA from cell lines generated with pSV3ne0, designed to detect an internal Different cell lines in 24-well cluster dishes were starved of thyrotrophin for 8 days and then incubated with theophylline in the presence or absence of bovine thyrotrophin (fixed dose of 100 mu./ml) for 2 h. Their cyclic AMP production was determined by radioimmunoassay (Harper & Brooker, 1975) and the results are expressed as a ratio of stimulated :control. The arrowed dot represents SGHTL-34 (Whitley et al., 1988) .
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Fig. 2. Northern blots comparing the expression of c-myc und SV40 early region in C'EM and SGH TL cells
Total RNA (10 pg) from CEM (lymphoblastoid cells constitutively expressing c-myc) and SGHTL was analysed using probes for c-myc (McNerney et ul., 1987) or the 3 kb BamHl fragment of pSV3neo (Whitley et al., 1987) . The migration positions of ribosomal RNA are indicated in the middle, and those of c-myc and SV40 large T and small t mRNAs at the sides.
3 kb BamHl fragment of the transfected plasmid, revealed multiple copies (about ten for SGHTL-34) of the viral early region incorporated into the genome (Whitley et a/., 1987) . The presence of additional bands suggests deletion or recombination events within the SV40 early region in some integrated sequences. Southern blotting of Hirt supernatants demonstrated the presence of about 10-fold more nonintegrated molecules, probably linear copies produced by the host cell's replication machinery from the SV40 origin of replication within the integrated sequences.
Immunofluorescence microscopy using a monoclonal antibody against SV40 large T revealed the presence of this antigen in the nucleus of cell lines generated with pSV3neo. Northern blotting confirmed that the transfected viral early region is expressed (Fig. 2) . Conversely, the cellular protooncogene c-myc is not expressed in the cell lines at levels detectably higher than found for primary thyrocytes (Fig. 2) . When pRSVcat was transfected together with pSV3ne0, the cell lines produced after selection with G418 contained large amounts of the CAT enzyme, demonstrating that nonselected co-transfected foreign DNA is also retained in the cells over several months in culture.
